Hypothesis: Preoperative clinical, biochemical, and imaging studies could be used to reliably select patients with single-gland primary hyperparathyroidism who could undergo minimally invasive parathyroidectomy and to determine whether additional perioperative testing is necessary. Results: Of the 238 patients, 75.2% had a single adenoma, 21.4% had asymmetric 4-gland hyperplasia, and 3.4% had double adenomas. A biochemical cure was achieved in 99.2% of the patients. Preoperative calcium and intact parathyroid hormone levels were significantly higher (P=.03 and .04, respectively) and ultrasound and sestamibi scan results were more likely to be positive (both PϽ.001) in single-gland primary hyperparathyroidism. A dichotomous scoring model based on preoperative total calcium level (Ն3 mmol/L [Ն12 mg/dL]), intact parathyroid hormone level (Ն2 times the upper limit of normal levels), positive ultrasound and sestamibi scan results for 1 enlarged gland, and concordant ultrasound and sestamibi scan findings reliably distinguished single-gland vs multigland cases (PϽ.001). The positive predictive value of this scoring model to correctly predict single-gland disease was 100% for a total score of 3 or higher.
higher (P=.03 and .04, respectively) and ultrasound and sestamibi scan results were more likely to be positive (both PϽ.001) in single-gland primary hyperparathyroidism. A dichotomous scoring model based on preoperative total calcium level (Ն3 mmol/L [Ն12 mg/dL]), intact parathyroid hormone level (Ն2 times the upper limit of normal levels), positive ultrasound and sestamibi scan results for 1 enlarged gland, and concordant ultrasound and sestamibi scan findings reliably distinguished single-gland vs multigland cases (PϽ.001). The positive predictive value of this scoring model to correctly predict single-gland disease was 100% for a total score of 3 or higher.
Conclusions: Preoperative biochemical and imaging study results reliably distinguished single-gland vs multigland parathyroid disease in primary hyperparathyroidism. Our findings suggest that patients with a score of 3 or higher can undergo a minimally invasive parathyroidectomy without the routine use of intraoperative parathyroid hormone or additional imaging studies, and those with a score of less than 3 should have additional testing to ensure that multigland disease is not overlooked.
Arch Surg. 2006; 141:777-782 P RIMARY HYPERPARATHYROIDism (PHPT) is a common endocrine disorder, with approximately 100 000 new cases diagnosed each year in the United States. 1 Patients with PHPT have a single parathyroid adenoma (80%-87% of patients), multiple adenomas (2%-5% of patients), asymmetric 4-gland hyperplasia (10%-15% of patients), or carcinoma (Ͻ1% of patients) that secretes an inappropriately high parathyroid hormone (PTH) level relative to the serum calcium level. 1 Parathyroidectomy is the only curative treatment for PHPT that resolves metabolic complications and improves symptoms and quality of life. 2 Many surgeons now use focused, limited, orminimallyinvasiveparathyroidectomyapproaches instead of traditional bilateral neck surgical exploration to identify all of the 4 parathyroid glands and remove the enlarged, hyperfunctioningparathyroidgland(s). 3 Limitednecksurgicalexplorationapproachesfor parathyroidectomy have been successfully used, mainly because of better preoperative localizing studies (commonly, technetium Tc 99m sestamibi and neck ultrasound scanning) that allow for accurate identification oftheenlargedparathyroidgland(s).Furthermore, measurement of intraoperative PTH (IOPTH) levels to detect a decrease greater than 50% in the PTH level can be used to predict biochemical cure in most patients. 4 ,5 The short-term results of limited surgical explorationforparathyroidectomysuggestthatthe biochemical cure and complication rates are similar to those for traditional bilateral neck surgical exploration. 3, 6, 7 The use of limited surgical exploration for parathyroidectomy depends on the ability to reliably select those patients who have PHPT due to single-gland disease. The percentage of patients who undergo limited neck surgical exploration for parathyroidectomy ranges from 39% to 70% of all patients with PHPT. [6] [7] [8] [9] Because appropriate patient selection determines which patients can undergo limited neck surgical exploration for parathyroidectomy, we sought to determine what preoperative localizing studies and demographic, clinical, and biochemical factors distinguish between single-gland and multigland (multiple parathyroid adenomas and asymmetric 4-gland hyperplasia) disease in patients with PHPT.
METHODS

STUDY DESIGN AND SUBJECTS
We retrospectively analyzed the records of 238 consecutive patients with PHPT who underwent a neck surgical exploration and parathyroidectomy at the University of California, San Francisco, between January 7, 2002 
IOPTH MEASUREMENTS
The IOPTH measurements were recorded before resection of any enlarged glands: once before dissection and again just before excising the parathyroid gland. Postexcision IOPTH levels were measured 10 minutes or longer after resection of the enlarged parathyroid gland(s). A decrease of 50% or more in the IOPTH level was used to define successful parathyroidectomy.
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DETERMINING ACCURACY OF LOCALIZING STUDIES
The accuracy of preoperative localizing studies was determined by comparing the results of these studies with the operative and pathologic findings and with the normalization of the postoperative total calcium and intact PTH levels. A true-positive localizing result was defined as when all of the enlarged parathyroid glands were correctly identified and the patient had low or normal postoperative calcium and intact PTH levels. A falsenegative localizing result was defined as when 1 or more enlarged parathyroid glands were not identified. A false-positive result was defined as when 1 or more nonenlarged parathyroid glands were identified. No true-negative results could occur because all of the patients had biochemical evidence of PHPT consisting of elevated or inappropriately high total serum calcium levels and elevated or inappropriately high intact PTH levels. Concordant localizing study findings were defined as showing 1 enlarged parathyroid gland on the same side of the neck.
STATISTICAL ANALYSIS AND CONSTRUCTION OF A DICHOTOMOUS MODEL
Nonparametric data were compared by the Wilcoxon rank sum test, and categorical data were compared by the 2 or Fisher exact test. A difference was defined as being statistically significant where PϽ.05. Data are presented as mean±1 SD or as number (percentage) unless specified otherwise. For variables found to be significantly different between single-gland and multigland parathyroid disease, dichotomous scoring was used, with 1 indicating single-gland parathyroid disease and 0 indicating multigland parathyroid disease. The first significant interval was determined for continuous variables to define the cutoff level for the dichotomous score. Multigland disease refers to any PHPT due to double or triple adenomas or asymmetric 4-gland hyperplasia. The area under the receiver operating characteristic curve was calculated using SAS/STAT software (SAS Institute, Inc, Cary, NC) to measure the accuracy of the scoring model in distinguishing between singlegland and multigland PHPT. Different combinations of variables were compared to determine which combination resulted in the largest area under the receiver operating characteristic curve, indicating a more accurate test for distinguishing singlegland disease from multigland disease.
RESULTS
Two hundred thirty-eight patients with PHPT underwent parathyroidectomy at our institution, and their clinical, biochemical, and pathologic data are summarized in Table 1 . Eighty-three patients (34.9%) had bilateral neck surgical exploration, 103 (43.3%) had unilateral neck surgical exploration, and 52 (21.8%) had focused neck surgical exploration for their parathyroidectomy. Of 238 patients, 179 (75.2%) had a single adenoma, 51 (21.4%) had asymmetric 4-gland hyperplasia, and 8 (3.4%) had double adenomas. Biochemical cure was achieved in 99.2% of the patients based on normal or low postoperative calcium and intact PTH levels.
There were no significant differences in age, race or ethnicity, history of head and neck radiation exposure, presence of hereditary PHPT, and sex between singlegland and multigland PHPT cases. In single-gland PHPT as compared with multigland PHPT, preoperative calcium levels (2.8 mmol/L [11.2 mg/dL] vs 2.6 mmol/L [10.4 mg/dL], respectively; P=.03) and intact PTH levels (22 pmol/L [211 pg/mL] vs 13 pmol/L [121 pg/mL], respectively; P =.04) were significantly higher and neck ultrasound and sestamibi scan results were more likely to be positive (both PϽ.001).
Single-gland PHPT cases were reliably distinguished from multigland cases when we used a dichotomous scoring model (CaPTHUS) consisting of 5 variables: (1) preoperative total serum calcium level (Ն3 mmol/L [Ն12 mg/ dL]); (2) intact PTH level (Ն2 times the upper limit of normal PTH levels); (3) sestamibi scan results positive for 1 enlarged parathyroid gland; (4) neck ultrasound results positive for 1 enlarged parathyroid gland; and (5) concordant sestamibi and neck ultrasound study results (identifying 1 enlarged gland on the same side of the neck) ( Table 2) . A total score of 3 or greater had a sensitivity of 43.9% and specificity of 100% for correctly predicting single-gland PHPT ( Table 3) . The positive predictive value of this scoring model to correctly predict single-gland disease was 100% for a total score of 3 or higher. Thirty-five percent of our study cohort had a total score of 3 or higher. The positive predictive value for a total score of 3 or higher was still 100% when cases with hereditary PHPT, history of head and neck irradiation, or persistent and recurrent disease were excluded.
The area under the receiver operating characteristic curve was 0.857 for the 5-variable CaPTHUS model, indicating that it would be useful preoperatively for distinguishing single-gland disease from multigland disease in patients with PHPT (Figure 1) . Different combinations of the 5 variables were compared to determine which combination results in the largest area under the receiver operating characteristic curve, indicating a more accurate test to distinguish single-gland disease from multigland disease. The area under the receiver operating characteristic curve was 0.774 for the total serum calcium level, intact PTH level, and sestamibi scan results, 0.751 for the total serum calcium level, intact PTH level, and neck ultrasound results, and 0.840 for the total serum calcium level, intact PTH level, sestamibi scan results, and neck ultrasound results.
When we compared the results of the scoring model with the results of the IOPTH level in 158 patients who had IOPTH measurement (Figure 2) , we found that the scoring model was as accurate as the IOPTH measurement for predicting single-gland disease when the total score was 3 or higher. Furthermore, the scoring model would have been reassuring in 5 patients who had falsenegative IOPTH measurement results because the PTH level did not decrease by 50% or more. These 5 patients underwent a repeat IOPTH measurement and surgical exploration of the contralateral neck. For 93 patients with a total score of less than 3, the results of the IOPTH measurements were helpful in predicting biochemical cure in 89.6% of cases with 8 false negatives and 2 false positives.
COMMENT
In this study, we determined that preoperative biochemical and imaging studies could be used to reliably select patients with single-gland PHPT to perform a minimally invasive parathyroidectomy and could be used to determine whether additional perioperative testing is necessary. We found that total serum calcium level (Ն3 mmol/L [Ն12 mg/ dL]), intact PTH level (Ն2 times the upper limit of normal PTH levels), positive sestamibi scan and neck ultrasound results for 1 enlarged parathyroid gland, and concordant sestamibi and neck ultrasound results (identifying 1 enlarged parathyroid gland on the same side of the neck) were associated with single-gland PHPT. The dichotomous scoring model (CaPTHUS) with these *Focused approach refers to when the enlarged gland was excised without visualization of the other (upper or lower) gland. In the unilateral approach, the other lower or upper gland was visualized.
5 preoperative variables had a low sensitivity (44%) but a 100% positive predictive value for identifying patients with PHPT due to single-gland disease when the total score was 3 or higher.
Both total serum calcium and intact PTH levels have been previously found to correlate with parathyroid gland size, volume, or weight in patients with PHPT. [10] [11] [12] [13] [14] [15] Therefore, our finding that total serum calcium and intact PTH levels were higher in patients who have single-gland disease is not surprising, especially when considering that parathyroid adenomas tend to be larger than parathyroid glands in cases of asymmetric 4-gland hyperplasia.
The most commonly used preoperative localizing studies in patients with PHPT are sestamibi scan and neck ultrasound because they are noninvasive and accurate for localizing enlarged parathyroid glands. 3 Like other investigators, we had previously found that sestamibi scanning was more accurate than neck ultrasound and that both approaches were more accurate in patients who had PHPT due to single-gland disease. 9, 12, 16, 17 When the neck ultrasound and sestamibi scan results were concordant (positive for 1 enlarged parathyroid gland on the same side of the neck) in patients with PHPT, there was a high likelihood that the PHPT was due to single-gland disease. 9, 12, 17 Our current study not only confirms these previous observations by our group and others but also shows that concordant neck ultrasound and sestamibi scan results can be used to reliably select patients who would be ideal candidates for a focused neck surgical exploration.
The need and cost of using routine IOPTH measurement and, less commonly, the gamma probe, to predict biochemical cure at the time of parathyroidectomy is unclear. Because IOPTH measurement is highly accurate for predicting biochemical cure in most patients, it has been widely used by most surgeons whereas the intraoperative gamma probe has not. 6, 18 However, IOPTH measurement is less accurate in cases of multigland disease, which 35  44  100  100  30  Ն4  18  23  100  100  26  5  8  6  100  100  22 Abbreviations: NPV, negative predictive value; PPV, positive predictive value. *Total score for the 5 variables in the CaPTHUS model was determined by the following: (1) 1 point for a total serum calcium level of 3 mmol/L or greater [Ն12 mg/dL]; (2) 1 point for an intact parathyroid hormone level 2 or more times the upper limit of normal intact parathyroid hormone levels; (3) is precisely the clinical situation in which it would be the most useful, because most patients who undergo a focused parathyroidectomy have positive localizing study results commonly showing 1 enlarged parathyroid gland. 16 In this context, our finding that a CaPTHUS total score of 3 or higher has a 100% positive predictive value for identifying patients with PHPT due to single-gland disease may obviate the need for routine use of IOPTH measurement for all of the focused parathyroidectomy approaches. Instead, IOPTH measurement could be used selectively in patients who are less likely to have singlegland disease. The fact that 35.0% of our cohort had a total score of 3 or higher suggests that the time and cost associated with the use of IOPTH measurement might not be necessary for a significant proportion of patients with PHPT. Moreover, the results of the preoperative scoring model could be reassuring in cases in which the IOPTH level does not decrease by 50% or more owing to false-negative results. In such cases, another IOPTH measurement would not be needed just so that the threshold of a decrease of 50% or more is met before commencing the operation. The CaPTHUS scoring model would also reduce the need for further neck surgical exploration or conversion to a bilateral neck surgical exploration when the IOPTH level does not decrease by more than 50%, which occurs in 6% to 17% of focused parathyroidectomies. [19] [20] [21] [22] Although our study findings suggest that the CaPTHUS scoring model offers a good estimate of those patients likely to have PHPT due to single-gland disease, its usefulness needs to be confirmed by other investigators. We have begun a prospective trial to validate the CaPTHUS scoring model in patients with PHPT. The accuracy of preoperative localizing studies reported in the literature is obviously variable and may affect the number of patients who can undergo such an evaluation to determine whether a focused parathyroidectomy approach is appropriate. Our preoperative scoring model may also overestimate the number of patients for whom the focused parathyroidectomy approach is appropriate, and it is dependent on the biochemical profile of the patients with PHPT who are seen at our institution. Another limitation of our study is the relatively short followup, which may affect the long-term biochemical cure rate in these patients and thus overestimate the accuracy of the proposed scoring model. However, we do not believe that the accuracy of the scoring model would decrease by more than 5%, even after long-term followup, because recurrent PHPT is uncommon and occurs in only 1% to 5% of cases in which normal postoperative calcium and PTH levels are observed. 23 Furthermore, recurrent PHPT most commonly occurs in patients with hereditary PHPT and/or a history of head and neck irradiation. 1, 23 Only 8.0% of our cohort had hereditary PHPT or a history of head and neck irradiation, and the accuracy of the scoring model was not affected when we excluded these cases.
In summary, preoperative biochemical and imaging study results can be used to reliably distinguish singlegland vs multigland parathyroid disease in PHPT. Our findings suggest that a patient with a CaPTHUS score of 3 or higher can undergo a focused parathyroidectomy without the routine use of IOPTH measurement or additional imaging studies, and those with a score of less than 3 should have additional testing to ensure that multigland disease is not missed. 
